In February 1972, an epidemic of typhoid fever began explosively in Mexico City and Pachuca (State of Hidalgo), in subsequent months spreading to several other communities in Mexico including Tulancingo, Apizaco, Puebla, Poza Rica, and Acapulco. The Normally, the drug concentrations used in the selection medium were 25 tg of CM and TC per ml and 10 gg of SM per ml, except where indicated otherwise.
RESULTS
Of 493 strains of S. typhi tested, 452 (91.7%) were resistant to CM at concentrations of 50 jig/ml or higher.
The resistance pattern of 101 strains of S. typhi to 11 drugs was determined by using the plate dilution method. All 101 strains tested were inhibited by 0.6 to 5 ,g of CEP, COL, GT, NIT, and NAC per ml. Eighty-nine strains were simultaneously resistant to 100 to 300 ,g of CM per ml, 100 to 200 ,g of TC per ml, 50 to 200 Mg of SM per ml, and more than 1,000 Mg of SU per ml. One strain in addition to being multiply resistant to CM, TC, SM, and SU, grew in 1,000 Mug of KM per ml and 5,000 jig of AM per ml.
Ten strains of S. typhi with multiple resistance to CM, TC, SM, and SU were tested for their ability to transfer the resistance to E. coli K-12 strain W1485). In a single experiment (Table 1) , 7 out of 10 strains proved capable of simultaneously transferring the resistance determinants for the four drugs. In three strains, resistance only to TC was transferred to E. coli. The transfer frequency of the resistance from S. typhi to E. coli was in the order of 10' in overnight crosses.
Two strains of E. coli K-12 which received the resistance factors CM, TC, SM, and SU from S. typhi were also tested for their ability to transfer the experimentally acquired resistance to two multiply sensitive strains of S. typhi, one isolated before the outbreak (strain HI-1969) and one isolated during the outbreak (strain 34271-1972). Resistance to the four drugs was transferred back from E. coli to both sensitive strains of S. typhi. In this case, the frequency of (13, 15, 19) . The resistance of a large proportion of these enteric bacteria isolated in Mexico has been shown to be due to transferable R factors (5, 15, 19 Table 2 .
number of active cases and of carriers, there can be no doubt that person-to-person transmission also played an important role in the spread of the disease. The very high proportion (91.9%) of CM-, TC-, SM-, and SU-resistant strains of S. typhi recovered during the epidemic, together with the fact that 148 (97%) out of 153 resistant strains which were phage-typed at the Center for Disease Control (Atlanta, Ga., George J. Hermann) (3) and the Pasteur Institute (Paris, J. F. Vieu) were of the same phage type (Vi degraded approaching type A) (the other resistant strains were W forms), suggests that the epidemic of typhoid fever was caused by a single strain, with the occasional occurrence of cases due to sensitive endemic strains.
The epidemic strain owes its resistance to an R factor transferable to E. coli K-12, as was shown in this study as well as in experiments carried out in the United States (7) and England (1). The R factor originating from S. typhi is also easily transferable from E. coli K-12 to multiply sensitive strains of S. typhi and appears to be stable.
The R factor from epidemic S. typhi confers the same pattern of resistance as the R factor found in pandemic strains of Shigella dysenteriae 1 (CM, TC, SM, and SU) isolated in Central America in recent years (6, 7, 19) , and which were also present in Mexico City and Pachuca at the beginning of the typhoid outbreak. However, according to studies carried out by T. L. Marsh and D. H. Smith (Abstr. Annu. Meet. Amer. Soc. Microbiol., p. 63, 1973), there are considerable genetic differences between the two R factors which suggest different origins. In any case, these two epidemics are good examples of the potential dangers produced by the infection of pathogenic bacteria of high virulence, like S. typhi or S. dysenteriae 1, with R factors, particularly in countries with poor sanitation.
At the end of the third month of the outbreak, a strain of S. typhi resistant to CM, TC, SM, and SU but also resistant to AM and KM was isolated from a patient with severe typhoid fever. Since AM was considered by the clinicians as the drug of choice for the treatment of disease due to the CM-resistant strains, the possibility that the epidemic strain of S. typhi had acquired this new resistance was a serious cause for concern. Over the next few months, particular emphasis was placed on the detection ANTIMICROB. AG. CHEMOTHER.
on October 20, 2017 by guest http://aac.asm.org/ Downloaded from of cultures of S. typhi resistant to AM and CM. Fortunately, during the following 9 months only six additional strains with these characteristics were found among several hundred cases of typhoid fever studied; four strains were isolated in Mexico City and one each from the cities of Puebla, Acapulco, and Tulancingo, and at widely separate times. Furthermore, preliminary phage-typing data indicate that only two strains (Puebla 12 and JM) are of the same type as the epidemic strain of S. typhi. Strain JRR is a W form, and the other four strains are Vi degraded with various phage patterns (George J. Hermann, Center for Disease Control, Atlanta). However, the levels of resistance demonstrated by these seven strains to CM, TC, SM, and SU are similar to those of the epidemic strain of S. typhi. Transfer experiments of the resistance found in these strains to sensitive E. coli K-12 suggest the presence of two different R factors, one causing CM, TC, SM, and SU resistance, the other causing AM or AM and KM resistance, at different frequencies. It is not known whether these were endemic strains which, by chance, became infected both with the R factor present in the epidemic strain and with the R factor causing resistance to AM or AM and KM, or whether the epidemic strain became infected with a new pltsmid which at the same time caused profound changes in the phage pattern and a diminished capacity for transmission. The latter could explain the apparent low incidence of the disease due to these strains during the course of the outbreak. Detailed studies of the nature of the genetic material present in these strains are in progress and will be the subject of a future publication.
The possibility that the epidemic strain of S. typhi possesses, in addition to the R factor (CM, TC, SM, and SU), an enhanced virulence or a factor which facilitates its transmissibility has been the subject of much speculation recently and remains to be resolved.
